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Abstract

In this article we studied the effects of sodium hydroxide pellets (SH) and
sodium silicate liquid (SSL) as an activator on the physico chemical and mechanical
Properties of ground granulated blast furnace slag (GGBFS) geopolymer pastes.
Various mixes are prepared using different liquid/solid ratios (L/S) by weight. The
hydration characteristics of the various mixes have been tested through determination
of total porosity, compressive strength, bulk density, chemically combined water, and
XRD analysis at different time intervals from 2 days up to 90 days under relative
humidity 100%. The results elucidated that as the quantity of alkali activator increases
up to (15% SSL, and 15% SH), the compressive strength increases up to 90 days. The
combined water content of all mixes increases up to 90 days. Also the bulk density
raises and the total porosity minimizes, this is due to the addition of the pozzolanic
materials. All mixes showed good stability of its compressive strength values in 5 %
MgSOs solution. The data showed that mix S6 (100% GGBFS) activated by (15%
SSL, and 15% SH) is the most appropriate binding material (geopolymer cement) that
has good properties so it can be used as alternative binding materials to the ordinary
Portland cement.

Keywords: geopolymer cement, sodium silicate, slag, mechanical properties, and
sulphate resistance.

1. Introduction:

Cement and concrete are widely used in building and construction material in
the world. Ordinary Portland cement (OPC) is traditionally applied as the essential
binder to produce concrete. Unfortunate, manufacturing of Portland cement consumes
huge amounts of energy and raw materials and emits a lot of CO2 which responsible
for global warming. In 2020, the annually cement output is predicted to be 5.9 billion
tons, and about 4.8 billion tons of CO> production [22]. Hence there is a need to find
alternative material which may be used in place of cement or may be used to partially
replace cement, with a positive effect on the durability and strength of the concrete

and thus reducing the CO. emission. Researchers have pointed some pozzolanic
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materials which can be used to partially replace OPC cement and contribute to
development of strength of the concrete and durability. Such as Fly ash (FA), Ground
granulated blast furnace slag (GGBS), Metakaolin (MK) and SF which can be used
for partial replacement of OPC cement in concrete production[6]. Alkali-activated
cements (Geopolymer cements) are proportionally unprecedented group of binding
materials, which were first developed by Joseph Davidovits in 1978 [26]. Now a days,
alkali activated binders or geopolymer cement get to be an alternative to traditional
concrete, and can give comparable performance to OPC cements, with the added
advantages of low carbon-dioxide emissions, high compressive strength, rapid
setting and hardening, fire resistance, resistance to sulphate reaction, low shrinkage,
low thermal conductivity, and remarkable durability [1,27]. Available literatures on
geopolymer cement are summarized and discussed. Puertas et al.(2000) concluded
that the activator concentration and the slag content showed significant impact on
strength development [9]. Prakash R. Vora et al.(2012) performed experimental work
in which they casted 20 geopolymer concrete mixes and evaluated the effect of
various parameters in its compressive strength in order to enhance its overall
performance. The results showed increase in compressive strength with increases in
curing temperature, rest period, concentration of NaOH and decreases with increase in

the ratio of water to geopolymer solids [24].

GGBFS is commonly used as the most important binding material in concrete
field due to it has elevated percentage of SiO,, CaO, and Al2Oz in an amorphous
phase. So GGBFS has pozzolanic and binding features in the alkaline medium. Slag
also was the first cementitious materials to be alkali activated and because it has latent
hydraulic properties, slag (GGBS) become the most proper materials for alkali
activated cements. Several researches suggested that sodium hydroxide and sodium
silicate based activators are the most suitable considering the mechanical properties of
GGBFS and FA geopolymers. Studies on the mechanical properties and
microstructure of GGBFS mixed with some admixtures like flay ash, and silica fume
are ongoing. In the production of geopolymers, especially when sodium silicate is
added, high concentrations of silicate are used to form stronger ion-pair. This will
give rise in further long chain silicate oligomers beside Al-O-Si complexes. The
purpose from sodium silicate addition was to improve the geopolymer precursors
formation on mineral-solution contact [16]. The principal products produced as a
result of alkali activation of GGBFS are CASH and CSH gels which are also resulted
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from OPC hydration process. Due to GGBFS has a glassy phase material, it is,
therefore, easier to be alkali activated [29,31]. In this paper, fresh and hardened
properties of geopolymer cement prepared from slag activated with different ratios of
sodium hydroxide and sodium silicate liquid under ambient condition were
emphasised. Hopefully one day in the near future this new binder will replace
ordinary Portland cement in ordinary concrete and become a geopolymer concrete
which is a sustainable building material that is better than ordinary concrete in

multiple areas.
2. Materials and Method
2.1. Materials and specimens

The materials used in this investigation were ground granulated blast
furnace slag (GGBFS) was obtained from the Egyption iron & steel of Helwan
company, Sodium hydroxide pellets (SH) pure lab chemicals (96%) is obtained from
EL Nasr pharmaceutical Chemicals Company, Qalyubiya, Egypt, and sodium silicate
liquid (SSL) is given from Silica Egypt Company, Burg Al-Arab, Alexandria, Egypt;
Analysis of SSL according to ES574/2007 is given in Table (2). The chemical
composition of the used material (GGBFS) are given in Table (1). The XRD pattern is

also shown in Figure (1).

Table (1): Chemical oxides composition of the used material, (mass %)

Oxides | SiO2 | Al,O | CaO | FeO | SOs | MgO | KO | Na2O | CI- | L.O.I'| Total
3 3
Slag 34.10 | 1240 | 42.30 | 0.77 | 0.90 | 6.50 | 35.0 | 26.0 | 0.08 | 1.50 | 99.16
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Table (2): Chemical analysis of sodium silicate liquid.

Oxides SiO; Na2O H.0 Total

Content % 32.8 11.7 555 100.0

A -Akermanite
C -Calcite

Intensity(a.u.)
=

| | | | | |
5 15 25 35 45 55 65

20 (degree)

Fig.1. x-ray pattern of GGBFS.
2.2. Procedure

Different mixes of slag based geopolymer cement were prepared as shown
in Table (3). First the alkali activator (AA) is prepared by by mixing sodium silicate
liquid (SSL) and sodium hydroxide pellets (SH) then stirred them till SH fully
dissolved, initially the temperature of the mixture was quite high then left few minutes
to reach to room temperature before the procceding. Then by the addition of each dry
mix with the different mixing ratio to the alkali activator solution and mixing them on
a smooth and non absorbent surface for about 5 minutes. The pastes were molded in
the form of one cubic inch molds. The geopolymer pastes were cured under relative
humidity 100% at room temperature for one day in the incubator. The hardened pastes
were then removed from the molds after attaining the final setting. Then after 28 days
some cubes were immersed in 5% MgSOa4 solution for different time intervals up to 90
days to Study the durability of geopolymers against magnesium sulfate attack
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especially that contain GGBFS is a topic needing more investigations because the

researches in this field are limited [33].

Table (3): Mixes composition, water/solid (W/S) ratio and there designations.

NO. Mixes GGBFS SSL (%) | SH (%) | WIS Ratio
1 s1 100 10 5 0.53
2 S2 100 10 10 0.52
3 S3 100 10 15 0.48
4 s4 100 15 5 0.45
5 S5 100 15 10 0.43
6 S6 100 15 15 0.41

3. Results and Discussion:
Hydration characteristics

The hydration products formation begin actually once the water is mixed
within the GGBFS mixes. They are determined for mixes (S 1-6) cured up to 90 days.
Standard consistency of water, initial and final setting times are investigated in
addition, compressive strength, bulk density, combined water, total porosity, and
phase composition of hydration products are investigated by XRD analysis at different

time periods [23].
3.1.1. Standard water of consistency

The quantity of mixing water needed for reaching to standard consistency
(WIS) was determined by using Vicat Needle as described in ASTM; C-191, 2013
[13,15,28], are presented in Table (4). It can be showed that the quantity of mixing
water demanded for standard consistency of geopolymer cement little decreases as the
amount of alkali activator increases, however it can be showed that the amount of
mixing water required for standard consistency for GGBFS mixes slightly increases
than that is required for OPC. This is may be due to the higher fineness of the raw
materials, also more the specific surface area is higher, more the water demand

increases; this is due to the increase in the surface of contact between water and the
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grains of cement, which increases the absorption of water and increases the setting

time values [5,11].
3.1.2. Setting times

The initial and final setting times of geopolymer cement required for the
different mixes (S 1-6) are shown in Table (4). It is obvious that both the initial and
final setting times minimize with increasing the amount of alkali activator, and
decreasing liquid to solid ratio(W/S), This can be assigned to increase the alkaline
activator accelerate the activation process and enhance the production of higher
concentration of [SiO4]* which increases the rate of hydration and leads to reduce
setting times of GGBFS mixes [17,20]. However it should be noted that the
composition of slag varies depending on the raw materials used by the metallurgical
industry to produce metals. These differences in raw materials lead to differences in
how different slag responds to the alkali activation [25]. compared to the cement
concrete, geopolymer concrete has lower workability due to the short setting time of
geopolymer  concrete. The concrete mixes with good  workability
bring many attributes together in balance and results in a quality product with long
service life. Geopolymer concrete prone to harden before delivered to the construction
site located far away from the batching plant. This obstacle cause more difficulties if
the construction site is not located at the same site as the batching plant. To deal with
this problem, the setting time of the geopolymer concrete need to be increased. In this
paper as a result of higher fineness, high specific surface area, CaO content in
GGBFS, and low hydraulic activity of the used GGBFS material the_GGBFS mixes
needed more water which in turn increased the workability of GGBFS pastes and

increased the setting time values than usual results in literature as shown in table.
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Table (4): The water of consistency and setting times of GGBFS mixes (S 1-6).

Mixture SSL% : WIS Initial Final Reference
SH% setting setting
100% 1:1 0.35 150 390 [21]
GGBFS
100% 1:2 0.34 100 370 [21]
GGBFS
S1 10:5 0.53 375 395 This work
S2 10:10 0.52 360 378 This work
S3 10:15 0.48 255 270 This work
S4 15:5 0.45 195 208 This work
S5 15:10 0.43 180 190 This work
S6 15:15 0.41 150 155 This work

3.1. Compressive strength

The compressive strength of hardened alkali-activated GGBFS cured under
relative humidity 100% up to 90 days are shown in Table (5). With increasing curing
time, the compressive strength of all mixes increases. However mix S6 appears the
highest rate of compressive strength at most of whole curing ages of hydration
process. The compressive strength enhances as the amount or the concentration of
alkali activator increases. This can be attributed to that increasing of the concentration
of alkali activator increases the alkalinity of the solution, which enhancing the
dissolution and reaction rates. Also it is pointed that the compressive strength values
are related to the formation of more hydration products, which may be due to

acceleration of activation process [12,25].
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Table (5): Compressive strength (MPa) for all mixes cured up to 90 days
under relative humidity 100%.

Days
Mix 2 7 28 56 90

S1 22.56 30.31 47.56 51.98 56.39
S2 25.99 34.42 52.36 53.93 60.61
S3 27.95 37.26 54.92 62.76 69.23
S4 30.89 38.44 57.86 66.68 70.61
S5 33.34 40.31 59.82 68.45 73.55
S6 44.13 47.56 63.75 70.61 76.49

3.2. Chemically Combined water content (Wn %)

Chemically combined water contents (Wn%) is the part of water stilled in the
dry sample after removing of the free water, i.e., it is the amount of water combined in
the structure of the dry hydrated product. About 1 g of the dried speciemen (at 100 °
C) is weighed in a silica crucible then ignited at 950 © C for 1hr in an adjusted muffle
furnace, cooled in a desiccator then weighed (ws). The chemically combined water

(Wn%) is calculated according to the following equation:
Wn % = [(w2-ws3) / (wz-w1)] x 100

Where: (ws) is the weight of the empty crucible, (w) is the weight of the
crucible with 1g of the sample before ignition, and (ws) is the weight of the crucible
with 1g of the sample after ignition [11]. Wn% for all mixes cured under relative
humidity 100% up to 90 days are represented in Table (6). Based on the results of the
present investigation, the content of combined water of the alkali activated GGBFS

mixes increases progressively from 2 days up to 90 days. This is due to the
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sustainable hydration and assemblage of the hydration products, which precipitated in
the affordable open pores. The Wn content of alkali activated GGBFS is also found to
be increases with increases alkali content. Increase of the alkali content promote the
hydration of alkali activated GGBFS[30]. Wn values are in a good agreement with
compressive strength values, such that as the Wn increase the compressive strength
also increase. The amount of hydration products usually increase as the time of
hydration increases, so the increase in Wn content, is essentially resulted from the
superior hydraulic properties of GGBFS with the enhancement of alkali activators
content. So mix S6 shows the higher value of the chemically combined water of all

GGBFS mixes due to the higher concentration of the alkali activator.

Table (6): Chemically combined water content (%) for all mixes cured up to
90 days under relative humidity 100%.

Days
2 7 28 56 90
Mix
S1 5.11 5.59 6.96 7.87 8.84
S2 5.18 5.82 7.83 8.92 9.43
S3 5.24 5.91 7.99 9.35 9.81
S4 541 5.99 8.09 9.56 9.93
S5 6.02 6.24 8.89 9.88 10.68
S6 6.65 7.11 9.68 10.34 11.34

-218-



Fatma. A. Mohammed et al. J. Sci. Res. Sci., 2021, 38, (1): 210-232

3.3. Bulk density

The bulk density of all mixes cured under relative humidity 100% up to 90
days are represented in Table (7). Based on the results of the present investigation, the
bulk density gradually increases with curing age from 2 days up to 90 days. The
increasing of the bulk density values of alkali activated GGBFS with curing age
progress can be mainly due to the sustainable activations and production of the
hydration products. Then these hydrated products are deposed in the available opened
pores which enhances the bulk density of the activated GGBFS pastes. It is pointed
that the increase of the alkali activators ratio elevates the bulk density of the examined
pastes. This is due to the alkali activators promotes the formation of higher
concentration of [SiO4]* which accelerates the rate of hydration and formation of
more CSH [14].

Table (7): Bulk density (g/cm?®) for all mixes cured up to 90 days under
relative humidity100%.

Days
Mix 2 7 28 56 90
S1 244 2.63 2.72 2.78 2.85
S2 2.53 2.68 2.79 281 2.89
S3 2.58 2.71 2.82 2.88 291
S4 2.59 2.75 2.86 2.94 2.98
S5 2.62 2.79 291 2.96 3.04
S6 2.82 2.89 2.96 2.99 3.15
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3.4. Total porosity

The total porosity for all mixes cured under relative humidity 100% up to 90
days are represented in Table (8). As the alkali content of GGBFS increases, further
hydration products are produced, which deposed in any affordable open pores
resulting in a decrease in the total porosity which explain the gradually decrease in the
total porosity, and increase in the bulk density with hydration age up to 90 day [18].
Mix S6 gives the lower porosity, actually because of the increase of the concentration
of NaOH which quickness the activation rate of GGBFS resulting in more hydration

products, and leads to increase in the compressive strength.

Table (8): Total porosity (%) for all mixes cured up to 90 days under relative
humidity 100%.

Days
Mix 2 7 28 56 90
S1 36.54 34.63 30.46 29.81 28.11
S2 36.21 33.81 29.31 27.63 26.01
S3 35.52 32.05 28.11 26.51 25.06
S4 33.78 31.02 27.06 25.81 24.21
S5 32.21 30.11 26.25 24.31 21.91
S6 29.23 27.21 24.06 23.63 20.11
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3.5. Phase composition

The results of XRD patterns of mixes (S3), and (S6) cured under relative
humidity 100% up to 90 days are represented in Figures (2), and (3) respectively. It
can be shown that the peak elucidates CSH phase at 3.04 A’ varies in the period 2 to
90 days of curing time, which indicate that poor crystalline CSH gel may be produced
in the pastes. After setting and hardening, CSH gel and geopolymer gel could form
when GGBFS powder is mixed with the alkaline solution. The mechanical properties
of geopolymer pastes have been enhanced as shown in Table (5). For all XRD
patterns, diffuse and broad peaks are appeared around d = 2.78 - 3.34 A’ which
implying amorphous structure phases generally exhibited in alkali-activated GGBFS.
The presence of the strong peak at d = 3.04 A’ in alkali activated GGBFS is attributed
to CSH phases. It is clear that compressive strength is in a good harmony with XRD

analysis.
=S CSH
s CSH 3.04 BC2S
Fany
=
<
g
= 90 days
2 days
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70
20 (degree)

Fig.2. XRD patterns of mix (S3) cured up to 90 days under relative
humidity100%.
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S CSH
8 3.04 BC2S
= CSH P
=
c
L
k=

- 90 days

2 days
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70
20 (degree)

Fig.3. XRD patterns of mix (S6) cured up to 90 days under relative humidity 100%.
3.6. Resistance to magnesium sulphate solution

Buildings (concretes) which subjected to seawater can damage as a result of
the chemical effect of seawater constituents on the hydration products of cement. The
seawater chemical attack on concrete constituents is the reactions between sulphates,
or chlorides, which are known as strong aggressive ions with hydration products of
cement, due to certain products of cement can enter into deleterious reactions with CI°
and SO4% ions, which causing Ca(OH): dissolution, then formation of chloroaluminate
and sulphoaluminate, which resulting in expansion, softening, and cracking of
concrete. Ground granulated blast furnace slag cement (GGBFS) is utilized in most of
countries due to its characteristic attribute of improving chloride and sulphate
resistance [19,32]. Some researchers studied the characteristics of GGBFS when
mixed with different amounts of Na,O and SiO.. They detected that as the hydration
time increases the formation of hydration products increase, and the combined water
of slag increase. Also, the increase of Na>O content result in formation of a denser

microstructure, which leads to elevated compressive strength rates [8].

Various investigations reported that the effect of slag content on the sulphate
resistance of the concrete with sufficient quantity of slag is mainly because of the
minimization of C3A with the rise of slag amount in cement. Also, the increase of slag

amount in concrete decreases the Ca(OH). formed by the reaction with it to produce
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further amounts of calcium silicate hydrates, and CSH gel, then these hydration
products can fill up the affordable pores, and resulting in the production of more
compact body. So many researchers reported that blended cement paste can resists
chloride and sulphate attack [10,19]. The effect of 5% MgSOs solution on the
physico-chemical and mechanical properties of the different mixes was studied, and
all results showed high stability of its compressive strength values in 5 % MgSOa4
solution. This is mainly due to a good pozzolanic activity of alkali-activated GGBFS
which shows superior resistance to acids attack up to 90 days. Dipping of alkali
activated GGBFS pastes in 5% MgSOs solution optimizes the GGBFS pastes

activation.
3.6.1. Compressive strength

The compressive strength of all mixes dipped in 5% MgSQ4 solution up to 90
days was studied. The results cleared that the compressive strength of GGBFS
samples increases as curing time increase as shown in Table (9). All mixes exhibit
good stability of its compressive strength in 5 % MgSOs solution. This is due to the
high pozzolanic activity of alkali-activated GGBFS which exhibit high resistance to
sulphate attack, this is due to GGBFS does not contain C3A, so its addition in concrete
dilutes the total amount of C3A in the system. Also it reduces concrete permeability,
making it harder for sulfates to penetrate into concrete [19,31]. When the GGBFS is
compared to the OPC, it is clear that the strength of alkali activated slag increases up
to 90 days, which is due to the additional formation of hydration products, without
formation of ettringite which causes deterioration in concrete as occurred with OPC. It
Is pointed that as the alkali activator contents increase the resistance towards sulphate
attack also increases. This essentially resulting from the decrease in the total porosity
which retards the interpenetration of sulphate ions into the matrix, this may be
because the alkali activated GGBFS has no free lime content in its matrix. SO mix S6

has the highest compressive strength values at most of all hydration curing ages [15].
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Table (9): Compressive strength (MPa) for all mixes cured up to 90 days in
5% MgSOs solution.

Days
Mix 2 7 28 56 90
Sl 47.95 49.22 59.82 64.53 67.86
S2 52.96 55.21 63.74 68.16 70.12
S3 55.31 56.87 65.99 69.53 71.11
S4 58.35 59.33 67.56 71.59 74.04
S5 60.61 61.29 68.94 73.06 76.49
S6 64.53 66.19 72.08 74.63 79.44

3.6.2.Combined water content (Wn %)

Chemically combined water contents (Wn) for all mixes dipped in 5 % MgSQOa4
solution up to 90 days are represented in Table (10). Based on the results of the
present investigation, the content of combined water of all GGBFS mixes increases
progressively up to 90 days. This is due to the sustainable hydration and assemblage
of the hydrated products, which precipitated in the affordable pores [7]. The Wn
content of alkali activated GGBFS is also found to be increases with increases alkali
content. Increase of the alkali content promote the hydration of alkali activated
GGBFS. The amount of hydration products usually increase as the time of hydration
increases, so the increase in Wn content, is essentially result from the superior

hydraulic properties of GGBFS with the enhancement of alkali concentration [2,8].
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Table (10): Chemically combined water content (%) for all mixes cured up to
90 days in 5% MgSOs solution.

Days
Mix 2 7 28 56 90

S1 6.96 7.02 7.82 8.11 8.23
S2 7.84 7.92 8.21 8.58 8.75
S3 8.01 8.27 9.05 9.63 9.94
S4 8.12 8.38 9.21 9.94 10.23
S5 8.91 8.96 9.66 10.31 10.65
S6 9.75 9.81 10.85 11.23 11.84

3.6.3. Bulk density

The bulk density for all mixes dipped in 5 % MgSOg4 solution from 2 days up
to 90 days are shown in Table (11). Based on the results of the present investigation,
the bulk density gradually increases with curing age up to 90 days. Increasing of the
bulk density values of all GGBFS mixes with curing age progress can be mainly due
to the sustainable activations and formation of more hydration products, then these
hydration products are deposed in the available opened pores which enhances the bulk
density of the activated GGBFS. It is pointed that the increase of the alkali activators
ratio elevates the bulk density of the examined pastes. This is due to the alkali
activators promotes the formation of higher concentration of [SiO4]* which
accelerates the rate of hydration and formation of more CSH [3,7].
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Table (11): Bulk density (g/cm?®) for all mixes cured up to 90 days in 5%
MgSOs solution.

Days

Mix 2 7 28 56 90
Sl 2.72 2.78 2.83 2.88 2.96
S2 2.79 2.81 2.89 2.94 2.98
S3 2.82 2.87 291 2.96 2.99
S4 2.86 2.88 2.94 2.98 3.01
S5 2.92 2.96 2.99 3.08 3.21
S6 2.96 2.98 3.06 3.11 3.36

3.6.4. Total porosity

The total porosity for all mixes dipped in 5 % MgSOs solution up to 90 days
are shown in Table (12). As the alkali content of GGBFS increases, further hydration
products are produced, which deposed in any affordable open pores resulting in a
decrease in the total porosity which explain the gradually decrease in the total porosity
with hydration age up to 90 day. Also in the aggressive solution the increase of alkali
activated contents increases the resistance towards sulphate attack solution as
indicated by the stability of the compressive strength values as shown in Table (9).
This is primarily due to a decrease in total porosity, which prevents sulphate ions from
penetrating the matrix [4]. Mixture S6 has the lowest porosity, actually because of the
increase in the concentration of NaOH, which quickness the activation rate of

GGBFS, resulting in further hydration products.
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Table (12): Total porosity (%) for all mixes cured up to 90 days in 5% MgSO4

solution.
Days
Mix 2 7 28 56 90
Sl 30.44 30.12 28.23 27.11 26.51
S2 29.31 28.91 27.55 26.01 25.11
S3 28.11 27.81 25.63 24.81 23.44
S4 27.06 26.31 23.51 21.48 20.31
S5 26.24 25.71 22.06 20.61 19.11
S6 24.03 23.81 20.54 18.68 17.08

3.6.5. Phase composition

The results of XRD patterns of GGBFS samples (S3), and (S6) dipped in 5 %
MgSOs solution up to 90 days are represented in Figures (4), and (5) respectively. It
can be shown that the peak elucidates CSH phase at 3.04 A’ varies in the period 2 to
90 days of curing time, which indicate that poor crystalline CSH gel may be formed in
the pastes. The XRD patterns of GGBFS hardened pastes appeared no ettringite
formed, but gypsum(CaSOs) was appeared. The formation of gypsum can be
explained by diffusion of magnesium sulphate close to the surface regions which
result in the deformity of CSH through of calcium and desplacing by Mg?* ions to
form MSH. Also free calcium may be interact with SO4% ions in order to form
gypsum. Furthermore, CSH is the basic hydration product of slag. This CSH may be

locking more Al2Os, which limiting the destortion caused by aggressive SO4? ions.
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Also, NaOH causes ettringite to decompose into its components, then releases SO4?

ions into the pore solution [19].

;:\_
3 J
i
=
c
Q|
£
7 90 days
2 days
- T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70
20 (degree)

Fig.4. XRD patterns of mix (S3) cured up to 90 days in 5% MgSOa solution.
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Fig.5. XRD patterns of mix (S6) cured up to 90 days in 5% MgSQas solution.
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4. Conclusions

All mixes exhibit high stability of its compressive strength values in 5 % MgSO4
solution. This is mainly due to a good pozzolanic activity of alkali-activated
GGBFS which shows superior resistance to acids attack up to 90 days. Dipping of
alkali activated GGBFS pastes in 5% MgSO4 solution optimizes the GGBFS

pastes activation.

The amount of water combined with the alkali activated GGBFS pastes gradually
increases up to 90 days. This is resulting from the sustainable formation of

hydration products that have deposited in the available open pores.

The bulk density of alkali activated GGBFS enhances as the curing time increase
this is can attributed to the continuous activation and formation of hydrated
products. These hydrated products are deposited in the open pores, which
explains why the bulk density of the activated slag increased.

X-ray diffraction patterns for different mixes showed the presence of CSH phase
that formed during the hydration reaction, which is mainly responsible for the
good distinct strength of GGBFS.

The data showed that mix S6 is the most appropriate binding materials
(geopolymer cement) that have a good distinct properties which enhance its using

as alternative binding material to the ordinary Portland cement.
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